X-ray magnetic circular dichroism (MCD) spectra and orbital angular momentum, (L,), for transition metal bulk and surfaces were studied for both ground state and core hole excitations using a highly precise local density approach. For Fe(001), we predict a double peak structure in both the MOD and total absorption spectra and a strong enhancement of (L,). Surprisingly, the MCD orbital sum rule is found to be valid to within (5 -10)Fo. Finally, the results suggest possible solutions to several problems faced in applying the MCD sum rule to measure (L,). 
microscopy [9] . Recently, as a result of a new magnetooptical sum rule derived for x-ray MCD [10] , considerable interest has centered on these measurements as the only practical way to determine the orbital angular momentum, (L,), in bulk and reduced dimensional systems.
Thus, for example, it has been used to detect the enhancement of the orbital magnetic moment at Co/Pd interfaces [ll] . This powerful sum rule, however, was derived from a simple model system, namely, a single ion in a crystal field with the valence shell only partially filled. Thus, as emphasized by several authors [8, 8] , there is still some question as to the validity and range of applicability of this sum rule to real condensed matter systems such as transition metals with their strongly hybridized multiband structure.
In this Letter, we report results of a detailed local density energy band study of the x-ray MCD spectra in several transition metal bulk and surface systems in which both ground state and core excitations (treated as a supercell impurity) are investigated. The sum rule is found to be valid to within (5 -10)%, the error being due to s dhybridization. Thus any further deviations from the sum rule may be attributed to additional many-body effects.
We also address several problems faced by experimentalists in applying the MCD sum rule and offer suggestions and possible solutions. Some MCD results are presented for the Fe(100) surface which provide a test of our electronic structure approach. [12] . More importantly, it allows us to treat the effects of SOC for many interesting real materials by drastically reducing the computing time compared to the fully relativistic approaches [13] .
To calculate the MCD spectra from first principles, we first determine the energy dependence of the difference between o. + and o. . For electric dipole transitions from core to valence bands, We see structure above the main peaks and a tail that extends to high energy -also shown for the total absorption cross section in Fig. 1(b) . (Since the local density approach may not be valid at these high energies, these results must be viewed cautiously. ) By contrast, the MCD spectrum in Fig. 1(b) converges quickly in energy and shows two well separated peaks for L3 and L2. The small positive peak at the onset of the I3 peak arises from the small number of majority spin holes in Fe; it does not appear in the spectra for Co and Ni. We shall see later that, as expected, it also does not appear in the MCD spectra for the surface layer (cf. Fig. 2 ). The main L~and L3 MCD peaks are almost structureless even with a small Gaussian broadening width (0.2 eV) -unlike the relativistic tight binding results for Fe presented earlier and attributed to a breakdown of the local density approach [7] .
In order to determine the effects on the spectra of a decay very quickly to almost zero at its second-neighbor sit" indicating that the cell size used here is sufIicient.
Surprisingly, while the density of states, magnetic moment (to 1. 84p~), and local valence charge density are strongly affected, the core hole does not significantly affect the profile of the MCD spectra as shown in Fig. 1(c) , except for the removal of the small positive peak at the onset of the I3 peak. By contrast, the shoulder peak in the total absorption curve is removed because, unlike the case for MCD spectra, the contributions from the two spin parts have the same sign. Note that the core-hole overshifts the 2p binding energy due to the weakened screening of the nuclear attraction; it also increases the 2@3 and 2pi SOC energy difference (by 0.6 eV to 12.9 eV -which is now very close to the experimental value, 13 .0 eV). Because of the core-hole relaxation, one should not simply compare the LDA eigenvalues with the excitation energy through use of Koopman's theorem, as shown in Fig. 1 , but use the difference of the total energy determined self-consistently for the initial and the final states. In this way, the calculated excitation energies are 702.9 eV and 715.8 eV for the L3 and L2 adsorption edges, respectively -agree very well with the measured values of 707 eV and 720 eV for bulk Fe [5, 7] .
The efFects at the surface layer in bcc Fe(001) are shown in Fig. 2(a) . Unlike the case of the center layer (or "bulk" ), the generally assumed relation Fig. 2(b) for MCD and total absorption, and so represents a striking prediction for either experimental confirmation or rejection.
To investigate the validity of the MCD sum rule and to obtain a deeper meaning of the physics involved, the four quantities that appear as numerators and denominators in Eq. (1) Fig. 3(b 
